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(54) Automatic transmission 

(57) An automatic transmission having gear trains 
provided between an input shaft and an output shaft, the 
gear trains including drive gears mounted on the input 
shaft and driven gears mounted on the output shaft, in- 
cludes a start clutch provided between a crankshaft of 
an engine and the input shaft for transmitting or shutting 
off an engine power from a crankshaft of the engine to 
the input shaft, a changeover mechanism for selecting 



a desired gear train through which power is transmitted 
from a plurality of gear trains, two bypass clutches, one 
is provided between third gear transmission gear trains 
and another is provided between sixth gear transmis- 
sion gear trains for transmitting a different torque from 
the input shaft to the output shaft respectively, on gear- 
shiftings and a bypass clutch control means for selecting 
at least one desired bypass clutch through which power 
is transmitted. 
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Description 

[0001] The present invention relates to an automatic 
transmission for an automobile and more particularly to 
an automatic transmission having a plurality of transmis- 
sion gear trains between input and output shafts. 
[0002] Generally, a manual transmission, in which the 
gear is manually shifted, has an input shaft directly con- 
nected to an engine and including a plurality of drive 
gears and has an output shaft including a plurality of 
driven gears paired with the corresponding drive gears 
and connected to drive wheels. That is, there are pro- 
vided a plurality of transmission gear trains between the 
input shaft and the output shaft. In this manual transmis- 
sion, when the gear is changed, after a clutch is disen- 
gaged, changeover mechanisms such as synchromesh 
mechanism are manually operated to change over 
paired transmission gear trains (hereinafter, referred to 
as just gear trains) and then the clutch is engaged. This 
sequence of manual operations accomplishes a gear- 
shifting of a vehicle. 

[0003] The manual transmission can be converted in- 
to an automatic transmission by performing gearshift- 
ings and clutch operations by means of a shift actuator 
hydraulically operated. This type of transmission having 
a plurality of transmission gear trains is called an Auto- 
mated Manual Transmission (hereinafter referred to as 
"AMT"). The transmission has advantages of having a 
small number of components and an excellent transmis- 
sion efficiency of power, compared to a conventional 
torque converter type automatic transmission primarily 
constituted by planetary gears and the like. 
[0004] For example, Japanese Patent Application 
Laid-open No. Toku-Kai 2000-651 99 discloses this AMT 
type automatic transmission having a start clutch for 
changing over the connection of a crank shaft and an 
input shaft between an engagement condition and a dis- 
engagement condition and a bypass clutch (hydraulical- 
ly operated multiple disc clutch) for transmitting torque 
from the input shaft to an output shaft to prevent a so- 
called "torque drop". 

[0005] According to this disclosure, gear trains of the 
first gear through the fifth gear are provided between the 
input and output shafts. Gear trains of third and fourth 
gear are engaged by a first synchromesh mechanism, 
respectively and gear trains of first and second gear are 
engaged by a second synchromesh mechanism, re- 
spectively. A gear train of fifth gear is engaged by the 
engagement of a by-pass clutch. That is, power is trans- 
mitted by engaging the by-pass clutch to prevent a 
torque drop between the input shaft and the output shaft. 
In this case, since the by-pass clutch is provided in the 
gear train of fifth gear, the torque capacity transmitted 
from the input shaft to the output shaft corresponds to 
that of the fifth gear. 

[0006] Accordingly, when the gear is changed from 
the first gear to the second gear, the torque transmitted 
through the bypass clutch is a transmission torque at 



the fifth gear ratio. As a result, the transmission torque 
drops from the torque of the second gear to that of the 
fifth, even if an inertia force of the bypass clutch increas- 
es the transmission torque in some degree. This torque 

5 drop, or shift shock has a great effect on "shift quality" 
of the transmission. On the other hand, in order to re- 
duce the magnitude of shift shock, when the shift time 
is elongated, a driver feels uncomfortable. Similarly, 
when the gear is changed from the second gear to the 

10 third gear, the driver still feels a shift shock. 

[0007] Some vehicle has an automatic transmission 
being equipped with an extra high gear position, for ex- 
ample, a sixth gear position or an extra low gear position 
for the purpose of improving fuel economy, enhancing 

is quietness in a high speed traveling or increasing driving 
force of a four wheel drive vehicle. In this case, the shift 
quality of the transmission may further be exacerbated 
by an increased difference of gear ratio between the 
lowest and highest gear positions. In particular, in case 

20 where such transmission is installed on an industrial ve- 
hicle or a heavy duty vehicle, the discrepancy of gear 
ratios increases and shift shock further becomes worse. 
[0008] JP-A- 4-2621 66 discloses an automatic trans- 
mission in which two bypass clutches are provided be- 

25 tween the input and output shafts. One bypass clutch 
transmits power to the gear train at even number gear 
positions, second and fourth gear and the other bypass 
clutch transmits power to the gear train at odd number 
gear positions, first, third and fourth gear ratios. When 

30 the gear is shifted, a changeover is performed between 
two bypass clutches. For example, when the gear is up- 
shifted from the first gear to the second gear, since the 
bypass clutch on the even number gear position side is 
disengaged, a synchronizer sleeve is operated before- 

35 hand to engage the synchronizer for the second gear 
ratio with the output shaft. Next the bypass clutch on the 
odd number gear position side is disengaged and the 
bypass clutch on the even number gear position side is 
engaged. Thus, the gearshlfting from the first to second 

40 gears is accomplished. 

[0009] However, since this automatic transmission is 
designed so as to shift gears by changing over the by- 
pass clutch between the odd number gear position side 
and the even number gear position side, in case where 

45 the gear is up-shifted from the first gear ratio to the fifth 
gear ratio, it is necessary to step in midway gear posi- 
tions, second, third and fourth gear positions in se- 
quence. Therefore, for example, such jumping shifts as 
shifts from first gear to third gear or second to fourth 

so gear, are impossible. Since the gear must be changed 
while midway gear positions are experienced, it takes a 
long time to shift gears. Especially, in case of passing, 
when a gearshifting must be finished in short time, the 
gear shifting taking time gives a psychological burden 

55 on a driver. Such inconvenience is remarkable particu- 
larly when the vehicle travels on winding roads with up- 
and-downs. 

[0010] It is an object of the present invention to pro- 
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vide an automatic transmission having small shift 
shocks and a good shift quality. It is a further object of 
the present invention to realize a compact automatic 
transmission having an excellent installability. Further, 
it is another object of the present invention to provide 
an automatic transmission capable of making a jumping 
shift arbitrarily. Furthermore, it is still another object of 
the present invention to provide an automatic transmis- 
sion having a good shift responsibility. 
[0011] In order to achieve these objects, an automatic 
transmission having a plurality of gear trains provided 
between an input shaft and an output shaft for transmit- 
ting torque from the input shaft to the output shaft, the 
gear trains including drive gears mounted on the input 
shaft and driven gears mounted on the output shaft, 
comprises a start clutch provided between a crankshaft 
of an engine and the input shaft for transmitting or shut- 
ting off engine power from a crankshaft of the engine to 
the input shaft, a changeover mechanism for selecting 
a desired gear train through which power is transmitted 
from a plurality of gear trains, a plurality of bypass 
clutches provided between specified gear trains for 
transmitting a different torque from the input shaft to the 
output shaft respectively, and a bypass clutch control 
means for selecting at least one desired bypass clutch 
through which power is transmitted when the gear is 
shifted from a plurality of the bypass clutches. 
[001 2] The invention will be further described with ref- 
erence to the drawings. 

Fig. 1 is a skeleton diagram showing an automatic 
transmission according to a first embodiment of the 
present invention; 

Fig. 2 is a block diagram showing a hydraulic control 
circuit to control the operation of an automatic trans- 
mission; 

Fig. 3 is a time chart showing changes of engine 
speeds and torque of an output shaft when the gear 
is up-shifted from first gear to second gear; 
Fig. 4a is a diagram showing driving forces at up- 
shifts in each gear according to the present inven- 
tion; 

Fig. 4b is a diagram showing driving forces at up- 
shifts in each gear according to an example of prior 
art; 

Fig. 5 is a skeleton diagram showing an automatic 
transmission according to a second embodiment of 
the present invention; 

Fig. 6 is a skeleton diagram showing an automatic 
transmission according to a third embodiment of the 
present invention; and 

Fig. 7 is a skeleton diagram showing an automatic 
transmission according to a fourth embodiment of 
the present invention. 

[0013] Referring now to Fig. 1, the automatic trans- 
mission has an input shaft 11 and an output shaft 12 in 
a parallel relationship with each other. The input shaft 



is provided with an input clutch or start clutch 1 3. The 
start clutch 13 has a clutch hub 14 secured to the input 
shaft 11 and a clutch drum 15 around the clutch hub 14 
and a plurality of clutch discs are disposed between the 
5 clutch hub 1 4 and the clutch drum 1 5, constituting a mul- 
tiple-disc clutch. 

[001 4] The clutch drum 1 5 of the start clutch 1 3 is con- 
nected with a crankshaft 1 7 of an engine 1 6 through a 
dumper 18 constituted by a plurality of coil springs ar- 
10 ranged in a circumference direction. Power of the en- 
gine 16 is transmitted to the input shaft 11 through the 
dumper 18 and the start clutch 13. The engine 16 in- 
cludes an electronic control throttle valve 1 9 for regulat- 
ing torque and speed of the engine. In a normal opera- 
's tion, the electronic control throttle valve 19 opens and 
closes based on signals outputted from an electronic 
control unit (not shown) according to the depression 
amount of an accelerator pedal (not shown). Further, 
when necessary, the electronic control throttle valve 1 9 
20 opens and closes based on look-up tables predeter- 
mined according to detected operating conditions. 
[001 5] A drive gear 21 for the first gear and drive gear 
22 for the second gear are secured to the input shaft 1 1 , 
respectively. On the other hand, drive gears 23, 24, 25 
25 and 26 for the third gear, fourth gear, fifth gear and sixth 
gear respectively are rotatably mounted on the input 
shaft 11 . Also, driven gears 31 and 32 for the first gear 
and the second gear, respectively are rotatably mounted 
on the output shaft 12. On the other hand, drive gears 
30 33, 34, 35 and 36 for the third gear, fourth gear, fifth gear 
and sixth gear, respectively are secured to the output 
shaft 12. While respective drive gears mesh with corre- 
sponding driven gears, forward speed transmission 
gear trains are formed. When a given gear train is se- 
as lected to transmit power therethrough, the automatic 
transmission is established to a shift position corre- 
sponding to the selected gear train. 
[0016] The output shaft 12 has a first changeover 
mechanism 41 for selectively changing over the gear 
40 between first and second gears and the input shaft 11 
has a second changeover mechanism 42 for selectively 
changing over the gear between fourth and fifth gears . 
The first changeover mechanism 41 may be provided 
on the input shaft 1 1 and the second changeover mech- 
45 anism 42 may be provided on the output shaft 12. 
[0017] The first changeover mechanism 41 includes 
a synchronizer hub 43 disposed between the driven 
gears 31 for the first gear and the driven gear 32 for the 
second gear and secured to the output shaft 12 and a 
50 synchronizer sleeve 44 constantly meshing with the 
synchronizer hub 43. When the synchronizer sleeve 44 
meshes with a spline 31 a integrally formed with the driv- 
en gear 31 , the gear is established to the first gear and 
when the synchronizer sleeve 44 meshes with a spline 
55 32a integrally formed with the driven gear 32, the gear 
is established to the second gear. 
[0018] The second changeover mechanism 42 in- 
cludes a synchronizer hub 45 disposed between the 
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drive gears 24 for the fourth gear and the drive gear 25 
for the fifth gear and secured to the input shaft 11 and 
a synchronizer sleeve 46 constantly meshing with the 
synchronizer hub 45. When the synchronizer sleeve 46 
meshes with a spline 24a integrally formed with the drive 
gear 24, the gear is established to the fourth gear and 
when the synchronizer sleeve 46 meshes with a spline 
25a integrally formed with the drive gear 25, the gear is 
established to the fifth gear. 

[0019] A reverse drive gear 27 is secured to the input 
shaft 1 1 and a reverse driven gear 37 is secured to the 
synchronizer sleeve 44. The reverse drive gear 27 
meshes with the reverse driven gear 37 via an idler gear 
mounted on an idler shaft (not shown). 
[0020] The idler shaft has a third changeover mecha- 
nism (not shown) which is selectively operated to obtain 
a reverse gear position. These first, second and third 
changeover mechanisms include synchromesh mecha- 
nisms, respectively. 

[0021] The automatic transmission of this embodi- 
ment has six forward speed ratios constituting two 
groups of transmission gear train, a low speed ratio 
group including first gear, second gear, third gear and 
reverse gear and a high speed ratio group including 
fourth gear, fifth gear and sixth gear. 
[0022] A first bypass clutch 51 is mounted on the input 
shaft 11 to transmit torque of the input shaft 11 to the 
output shaft 12 through the drive gear 23 for the third 
gear. Further, a second bypass clutch 52 is mounted on 
the input shaft 1 1 to transmit torque of the input shaft 1 1 
to the output shaft 12 through the drive gear 26 for the 
sixth gear. Consequently, the first bypass clutch 51 
transmits torque from the input shaft 11 to the output 
shaft 12 with a highest gear ratio of the low speed ratio 
group and the second bypass clutch 52 transmits torque 
from the input shaft 1 1 to the output shaft 1 2 with a high- 
est gear ratio of the high speed ratio group. Thus, the 
bypass clutch 51 constituting the gear train for third gear 
is engaged when the third gear is selected. Similarly, the 
bypass clutch 52 constituting the transmission gear train 
forsixth gear is engaged when the sixth gear is selected. 
Since the respective bypass clutches 51 , 52 have gear 
trains with different gear ratios, torque transmitted from 
the input shaft 11 to the output shaft 12 differs, respec- 
tively. 

[0023] In this embodiment, the speed ratio is divided 
into two groups, however it may be divided into three or 
more groups having at least one bypass clutch, respec- 
tively. 

[0024] The first bypass clutch 51 has a clutch hub 53 
secured to the input shaft 11 and a clutch drum 54 se- 
cured to the drive gear 23 of third gear and a plurality of 
clutch discs 53a, 54a are interposed between these. 
When the bypass clutch 51 is engaged, the input shaft 
1 1 is connected with the drive gear 23 and when disen- 
gaged, the input shaft 1 1 is disconnected from the drive 
gear 23. The second bypass clutch 52 has a clutch hub 
55 secured to the input shaft 11 and a clutch drum 56 



secured to the drive gear 26 of sixth gear and a plurality 
of clutch discs 55a, 56a are interposed between these. 
When the bypass clutch 52 is engaged, the input shaft 
1 1 is connected with the drive gear 26 and when disen- 
5 gaged, the input shaft 1 1 is disconnected from the drive 
gear 26. 

[0025] Referring to Fig. 2, the automatic transmission 
includes a third gear bypass clutch actuator 61 for ac- 
tuating the first bypass clutch 51 , a sixth gear bypass 

10 clutch actuator 62 for actuating the second bypass 
clutch 52 and a start clutch actuator 63 for actuating the 
start clutch 13. Further, the automatic transmission in- 
cludes a select actuator 64 and a shift actuator 65 for 
obtaining a required speed ratio by selecting a transmis- 

15 sion gear train from a plurality of transmission gear 
trains. The gear is changed to forward speed ratios, first, 
second, fourth, and fifth gears and a reverse speed ratio 
by operating these two actuators 64 and 65. 
[0026] An oil pump 67 driven by an electric motor 66 

20 feeds working oil to operate these actuators. That is, 
working oil is fed to the third gear bypass clutch actuator 
61 through an electromagnetic pressure control valve 
VA1 , to the sixth gear bypass clutch actuator 62 through 
an electromagnetic pressure control valve VA2 and to 

25 the start clutch actuator 63 through an electromagnetic 
pressure control valve VA3, from the oil pump 67. Fur- 
ther, working oil is fed to the select actuator 64 through 
electromagnetic pressure control valves VA4 and VA4 
and to the shift actuator 65 through electromagnetic 

30 pressure control valves VA6, VA7. The select actuator 
64 actuates a select lever in a direction marked with an 
arrow A of Fig. 2 and the shift actuator 65 actuates the 
select lever in an direction marked with an arrow B of 
Fig. 2. 

35 [0027] The sophisticated electromagnetic pressure 
control valves VA6, VA7 are used to actuate the shift 
actuator 65. On the other hand, the reason why the se- 
lect actuator 64 can be controlled by the electromagnet- 
ic changeover valves VA4, VA5 having simple structure, 

40 is that the select actuator 64 has a two-position change- 
over operation (select operation) simply traveling in a 
direction marked with an arrow A until abutting against 
dead stops. However, since the shift actuator 65 has a 
three-position changeover operation (shift operation) 

45 traveling in a direction marked with an arrow B and 
needing synchronism by a synchronizer, that is, needing 
a control of operational force to prevent abrasion of syn- 
chronizer rings due to excessive operational forces, it is 
necessary to use the electromagnetic pressure control 

50 valves VA6, VA7 for controlling the shift actuator 65. An- 
other reason for using the electromagnetic pressure 
control valves is a reduction of noise cause when the 
shift actuator 65 operates. Since the shift operation in 
the "B" direction requires a larger force than the select 

55 operation in the "A" direction, when the shift actuator 65 
abuts against the dead stops, large noises are apt to be 
produced. The operational stage of the shift actuator 65 
is divided into three stages. The operational force is con- 
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trolled to be strong at an initial stage, controlled to be 
moderate at the synchronism of the synchronizer and 
controlled to be weak at a final stage. Therefore, the shift 
actuator 65 requires not only a control valve with 
ON-OFF operations of hydraulic pressure but also an 
electromagnetic pressure control valve capable of ad- 
justing hydraulic pressure supplied. 
[0028] The electric motor 66 and respective valves 
VA1 to VA7 are controlled by signals from a control unit 
ECU 70 and the discharge pressure (line pressure) fed 
from the oil pump 67 is monitored by a pressure sensor 
68. The working oil fed from the oil pump 67 is partially 
accumulated in an accumulator 69. The accumulator 67 
has a sealed chamber filled with nitrogen gas and the 
like. When the working oil is poured into the accumulator 
67, nitrogen gas is compressed and pressure energy of 
the working oil is converted into pressure energy of gas. 
The line pressure Is accumulated in the accumulated 
and as a result the line pressure is stabilized. Further, 
when the oil pump or a hydraulic system fails, a mini- 
mum emergency operation such as down-shifting to 
third gear or less can be secured. The oil pump 67 may 
be driven by the engine without being driven by the elec- 
tric motor 66. 

[0029] he control unit 70 inputs signals from an inhib- 
itor switch 71 , an engine speed sensor 72, a brake 
switch 73 and the like. The control unit 70 detects a po- 
sition of a selector lever based on signals from the in- 
hibitor switch 71 and detects engine speeds by the en- 
gine speed sensor 72. Further, the control unit 70 de- 
tects a present vehicle speed and an opening angle of 
accelerator pedal by means of miscellaneous sensors 
(not shown). The control unit 70 detects vehicle operat- 
ing conditions based on these detected data and out- 
puts a drive signal to the electric motor 66 as desired 
and control signals are sent to respective valves VA1 to 
VA7. Thus, the control unit ECU 70 functions as a by- 
pass clutch control means. Further, the control unit ECU 
70 monitors the line pressure fed from the oil pump 67 
at all times. In case where the hydraulic pressure be- 
comes higher than a specified value, the electric motor 
66 is stopped. After that, when the line pressure be- 
comes lower than a specified value as a result of repeat- 
ed shift operations, the electric motor starts to drive 
again. 

[0030] Next, the operation of the bypass clutches 51 , 
52 will be described. First, the operation at up-shifts will 
be described. The first bypass clutch 51 operates when 
those gears of the low speed ratio gear train group are 
shifted such as first gear to second gear and second 
gear to third gear. For example, when the gear is up- 
shifted from first gear to second gear, traveling condi- 
tions of the vehicle are detected from information such 
as accelerator pedal opening angles, vehicle speeds, 
engine speeds and gear positions and then the first by- 
pass clutch 51 is engaged for a specified period of time 
based on a predetermined program. As a result, since 
torque is transmitted from the input shaft 1 1 to the output 



shaft 1 2 through the bypass clutch 51 , so-called "torque 
drop" generating when the changeover mechanism 41 
changes over at gear shifting is reduced and a shift 
shock is alleviated. Further, when the gear is up-shifted 

5 from second gear to third gear, the electronic control 
throttle valve 19 is closed so as to reduce engine torque 
while being synchronized with the control of the bypass 
clutch 51 . Thus, the shift shock can be alleviated by con- 
trolling both the bypass clutch 51 and electronic control 

10 throttle valve 19. 

[0031] The second bypass clutch 52 operates when 
those gears of the high speed ratio gear train group are 
shifted such as third gear to fourth gear, fourth gear to 
fifth gear and fifth gear to sixth gear. For example, when 

is the gear is up-shifted from third gear to fourth gear or 
from fourth gear to fifth gear, traveling conditions of the 
vehicle are detected and then the second bypass clutch 
52 is engaged for a specified period of time based on a 
predetermined program. As a result, since torque is 

20 transmitted from the input shaft 1 1 to the output shaft 1 2 
through the bypass clutch 52, the torque drop during 
gearshifts is reduced and a shift shock is alleviated. Fur- 
ther, when the gear is up-shifted from fifth gear to sixth 
gear, the electronic control throttle valve 1 9 is closed so 

25 as to reduce engine torque while the second bypass 
clutch 52 is controlled and as a result the shift shock can 
be alleviated. 

[0032] Fig. 3 is a time chart showing changes of en- 
gine speed Ne and torqueTo of the output shaft 1 2 when 
30 the gear is up-shifted from first gear to second gear. In 
the drawing, SHIFT POSITION indicates a position 
where the synchronizer sleeve 44 is engaged. The syn- 
chronizer sleeve 44 travels from a position of first gear, 
that is, a position where the synchronizer sleeve 44 is 
35 engaged with the driven gear 31 of the first gear through , 
the spline 31a to a position of second gear, that is* a 
position where the synchronizer sleeve 44 is engaged 
with the drive gear 32 of the second gear through the 
spline 32a via a neutral position. When the shift opera- 
te tion is carried out, first a hydraulic pressure is supplied 
to a hydraulic pressure chamber of the third gear bypass 
clutch actuator 61 to actuate the first bypass clutch 51 . 
Thus, power is transmitted through two power delivery 
paths, the first gear transmission gear train and the third 
45 gear transmission gear train. This state is called a state 
of PHASE 1 in the drawing. 

[0033] The driven gear 3 1 of the first gear and the driv- 
en gear 33 of the third gear are mounted on the same 
output shaft 12 but respective gear trains have a differ- 

50 ent gear ratio from each other. Since the drive gear 23 
of the third gear rotates faster than the drive gear 21 of 
the first gear due to the difference of gear ratio between 
the first and second gears, when the bypass clutch 51 
is engaged, a torque corresponding to the state of en- 

55 gagement is transmitted through the third gear transmis- 
sion gear train. 

[0034] Next, the synchronizer sleeve 44 enters into a 
neutral position, a state of PHASE 2, in which the syn- 
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chronizer sleeve 44 is engaged only with the synchro- 
nizer hub 43. In this state, power is transmitted from the 
input shaft 11 to the output shaft 12 through the third 
gear transmission gear train constituted by the drive 
gear 23 and driven gear 33 and at the same time the 
electronic throttle valve 1 9 is closed so as to reduce the 
engine speed or the rotation speed of the input shaft 1 1 . 
[0035] When the engine speed is reduced to a speed 
equivalent to the second gear, the synchronizer sleeve 
44 travels from a state of being engaged only with the 
synchronizer hub 43 to a state of being engaged with 
both the synchronizer hub 43 and the spline 32a. in this 
state, a state of PHASE 3, power is transmitted through 
two power delivery paths, one is the second gear trans- 
mission gear train and another is the third gear trans- 
mission gear train . Next, when hydraulic pressure fed to 
the third gear bypass clutch actuator 61 is drained, the 
bypass clutch 51 is released and power is transmitted 
from the input shaft 1 1 to the output shaft 1 2 only th rough 
the second gear transmission gear train. 
[0036] Thus, at up-shifts, since the synchronizer 
sleeve 44 is engaged with the spline 32a when the en- 
gine speed is reduced to a speed equivalent to the sec- 
ond gear by simultaneously performing the bypass 
clutch control and the engine control, no gear clash oc- 
curs and a smooth shift operation is accomplished. 
When thesynchronizersleeve44 is in a neutral position, 
since power is transmitted through the bypass clutch 5 1 , 
occurrence of torque drops, particularly those which are 
a problem when the gear is up-shifted from first to sec- 
ond gear or from second to third gear, can be decreased. 
Fig. 3 indicates the manner of changes of engine speeds 
and torque when the gear is up-shifted from first to sec- 
ond gear, however that manner is similar when the gear 
is up-shifted from other gears. 

[0037] Fig. 4a is a graph showing a driving force trans- 
mitted from the input shaft 11 to the output shaft 12 at 
up-shifts of respective speed ratios according to the au- 
tomatic transmission illustrated in Fig. 1 . On the other 
hand, Fig. 4b is a graph for comparing with Fig. 4a and 
for showing a driving force transmitted from the input 
shaft 11 to the output shaft 12 at up-shifts of respective 
speed ratios according to an automatic transmission de- 
scribed in Toku-Kai 2000-651 999 in which only fifth gear 
transmission gear train is engaged by a bypass clutch. 
[0038] In the automatic transmission of Fig. 4b, the 
torque capacity to be transmitted from the input shaft to 
the output shaft through the bypass clutch is equivalent 
to that of fifth gear ratio. Hence, when the gear is 
changed from first to second gear, a torque transmitted 
via the bypass clutch plus a torque incremented by the 
inertiaforce on the input side of the bypass clutch makes 
a great difference from a torque transmitted via the sec- 
ond gear transmission gear train. On the other hand, in 
case of the automatic transmission according to the 
present invention, when an up-shift is performed in a low 
speed gear ratio group of the transmission gear trains, 
a torque capacity equivalent to the third gear ratio is 



transmitted from the input shaft 1 1 to the output shaft 1 2 
through the first bypass clutch 51 . Further, when an up- 
shift is performed in a high speed gear ratio group of the 
gear trains, a torque capacity equivalent to the sixth gear 
5 ratio is transmitted, thereby shift shocks being alleviat- 
ed. 

[0039] Further, describing down-shifts, at normal 
down-shifts or kick-downs in which the gear is down- 
shifted and an accelerator pedal is fully, abruptly de- 

10 pressed when passing, traveling conditions of a vehicle 
are detected by miscellaneous sensors and the first and 
second bypass clutches 51 , 52 are engaged for a spec- 
ified period of time according to predetermined pro- 
grams. In some cases, if necessary, those bypass 

15 clutches or the start clutch 13 are released or the start 
clutch 13 is partially engaged (slip control state) , there- 
by shocks at down-shifts are alleviated and at the same 
time a driver can enjoy a snappy ride due to shortened 
time for gearshiftings. 

20 [0040] Next, jumping up-shifts and jumping down- 
shifts will be described. For example, when a driver 
makes an abrupt start with accelerator pedal relatively, 
deeply depressed and then he or she suddenly releases 
the accelerator pedal when the vehicle reaches a de- 

25 sired speed, sometimes the gear jumps from first gear 
to third gear according to a shift schedule determined 
by vehicle speeds and opening angles of the accelerator 
pedal. In such a case, shift shocks can be effectively 
reduced by the shift control as described before. 

30 [0041] Further, in such harsh case as jumping up- 
shifts from first to fourth gear or from first to fifth gear, 
the normal shift control is available. In this case, a 
smooth shift operation can be achieved by selectively 
using two bypass clutches 51 , 52 or controlling torque 

35 capacity in slightly lower level than required. 

[0042] Further, in case of jumping down-shifts, when 
the accelerator pedal is fully depressed to overtake a 
preceding vehicle traveling at a relatively low speed 
while the own vehicle travels on a grade at medium 

40 speed in a highest speed ratio, the vehicle has a kick- 
down according to the shift schedule of the automatic 
transmission. Then, depending upon conditions of vehi- 
cle speeds and accelerator pedal angles, for example, 
such jumping down-shifts as from sixth to fourth gear, 

45 from sixth to third gear, or from sixth to second gear, can 
be performed. In such a case, it is possible to obtain the 
same smooth shift feeling as that in normal down-shifts. 
[0043] An automatic transmission shown in Fig. 5 is 
a second embodiment of the present invention. Accord- 

50 jng to the automatic transmission, the first bypass clutch 
51 is mounted on the input shaft 1 1 in the same manner 
as that of Fig. 1 but the second bypass clutch 52 is 
mounted on the output shaft 12. The clutch hub 55 of 
the second bypass clutch 52 is secured to the output 

55 shaft 1 2 and the clutch drum 56 is secured to the driven 
gear 36 of the sixth gear. The shift operation of the au- 
tomatic transmission is performed in the same manner 
as in the automatic transmission shown in Fig 1 . In this 
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embodiment, the first bypass clutch 51 may be mounted 
on the output shaft 12. In that case, the drive gear 23 is 
secured to the input shaft 11 and the driven gear 33 is 
rotatably mounted on the output shaft 12. 
[0044] Fig. 6 is a skeleton diagram showing an auto- 
matic transmission according to a third embodiment of 
the present invention. In this automatic transmission, 
both bypass clutches 51 , 52 are mounted on the input 
shaft 1 1 respectively. The sixth gear drive gear 26 is pro- 
vided between the first gear drive gear 21 and the third 
gear drive gear 23 and both bypass clutches 51 , 52 are 
integrally provided adjacently to each other between the 
third gear drive gear 23 and the sixth gear drive gear 26. 
The feature of this construction is to be able to integrate 
hydraulic circuits for controlling both bypass clutches 
51 , 52 and as a result the length of the hydraulic circuit 
can be shortened. Further, the responseability of re- 
spective bypass clutches 51 , 52 can be enhanced. Fur- 
ther, the bypass clutches 51 , 52 may be mounted adja- 
cent to each other on the output shaft 12. 
[0045] Fig. 7 is a skeleton diagram showing an auto- 
matic transmission according to a fourth embodiment of 
the present invention. In this automatic transmission, 
both bypass clutches 51 , 52 are mounted on the input 
shaft 1 1 respectively but the second bypass clutch 52 is 
circumferentially provided around the outer periphery of 
the first bypass clutch 51. Therefore, the two bypass 
clutches 51 , 52 are arranged on substantially the same 
radial plane. The clutch hub 53 of the first bypass clutch 
51 is secured to the drive gear 23 and the clutch drum 
54 is secured to the input shaft 11 . Between these, the 
clutch discs 53a, 54a are interposed. On the other hand, 
as for the second bypass clutch 52, the clutch drum 54 
of the first bypass clutch 51 works as a clutch hub of the 
second bypass clutch 52 and the clutch drum 56 outside 
of the clutch hub is secured to the sixth gear drive gear 
26. The clutch discs 55a, 56a are Interposed between 
both clutch drums 54, 56. In this case, since two bypass 
clutches are arranged in the radial direction, the axial 
length of the automatic transmission can be shortened. 
[0046] Also in case of the automatic transmissions 
shown in Fig. 5 to Fig. 7, the bypass clutches 51 , 52 are 
operated in the same manner as the automatic trans- 
mission shown in Fig. 1 . The automatic transmissions 
according to the present invention can be mounted In 
any arrangements, longitudinally or transversely, in the 
engine room. 

[0047] While the present invention has been dis- 
closed in terms of the preferred embodiments in order 
to facilitate better . understanding of the invention, it 
should be appreciated that the invention can be embod- 
ied in various ways without departing from the principle 
of the invention. Therefore, the invention should be un- 
derstood to include all possible embodiments which can 
be embodied without departing from the principle of the 
invention set out in the appended claims. 



Claims 

1 . An automatic transmission having a plurality of gear 
trains provided between an input shaft and an out- 

5 put shaft for transmitting torque from said input shaft 
to said output shaft, said gear trains including drive 
gears mounted on said input shaft and driven gears 
mounted on said output shaft, comprising: 

10 a start clutch provided between a crankshaft of 

an engine and said input shaft for transmitting 
or shutting off an engine power from a crank- 
shaft of an engine to said input shaft; 
a changeover mechanism for selecting a de- 

15 sired gear train through which power is trans- 

mitted from a plurality of said gear trains; 
a plurality of bypass clutches provided between 
specified gear trains for transmitting a different 
torque from said input shaft to said output shaft, 

20 respectively; and 

a bypass clutch control means for selecting at 
least one desired bypass clutch through which 
power is transmitted when the gear is shifted 
from a plurality of said bypass clutches. 

25 

2. The automatic transmission according to claim 1 , 
wherein said bypass clutches comprises a first by- 
pass clutch operative when a gear train of a low 
speed ratio gear trains group is selected on gear- 
so shiftings and a second bypass clutch operative 

when a gear train of a high speed ratio gear trains 
group is selected on gearshiftings. 

3. The automatic transmission according to claim 2, 
35 wherein said first bypass clutch has a gear ratio in 

the vicinity of the highest gear ratio of said low 
speed ratio gear trains group and said second by- 
pass clutch has a gear ratio in the vicinity of the 
highest gear ratio of said high speed ratio gear 
40 trains group. 

4. The automatic transmission according to claim 1 , 2, 
or 3, wherein said bypass clutches are provided 
partly on said input shaft and partly on said output 

45 shaft. 

5. The automatic transmission according to claim 1 , 2, 
or 3, 

wherein said bypass clutches are integrally provid- 
so ed on either of said input and output shafts. 

6. The automatic transmission according to claim 1 , 2, 
or 3, 

wherein said bypass clutches are integrally provid- 
55 ed on said input shaft adjacently with each other. 

7. The automatic transmission according to claim 1 , 2, 
or 3, 
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wherein said bypass clutches are integrally provid- 
ed on said output shaft adjacently with each other. 

The automatic transmission according to claim 1 , 2, 
or 3, 5 
wherein at I east two of said bypass clutches are pro- 
vided on either of said input and output shafts and 
one of said two bypass clutches is circumferentially 
provided around an outer periphery of the other by- 
pass clutch. 10 
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FIG.3 
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FIG.4a 
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